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Abstract
Time processing critically relies on the mesencephalic dopamine system and striato-prefrontal projections and has thus
been suggested to play a key role in schizophrenia. Previous studies have provided evidence for an acceleration of the
internal clock in schizophrenia that may be linked to dopaminergic pathology. The present study aimed to assess the
relationship between altered time processing in schizophrenia and symptom manifestation in 22 patients and 22 controls.
Subjects were required to estimate the time needed for a visual stimulus to complete a horizontal movement towards a
target position on trials of varying cognitive demand. It was hypothesized that patients – compared to controls – would be
less accurate at estimating the movement time, and that this effect would be modulated by symptom manifestation and
task difficulty. In line with the notion of an accelerated internal clock due to dopaminergic dysregulation, particularly
patients with severe positive symptoms were expected to underestimate movement time. However, if altered time
perception in schizophrenia was better explained in terms of cognitive deficits, patients with severe negative symptoms
should be specifically impaired, while generally, task performance should correlate with measures of processing speed and
cognitive flexibility. Patients underestimated movement time on more demanding trials, although there was no link to
disease-related cognitive dysfunction. Task performance was modulated by symptom manifestation. Impaired estimation of
movement time was significantly correlated with PANSS positive symptom scores, with higher positive symptom scores
associated with stronger underestimation of movement time. The present data thus support the notion of a deficit in
anticipatory and predictive mechanisms in schizophrenia that is modulated both by symptom manifestation and by
cognitive demand.
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Introduction
‘‘The only reason for time is so that everything doesn’t happen
at once.’’ As pointed out in this incisive quote by Albert Einstein,
time is a fundamental dimension which helps us organize and
make sense of events in our environment. Notably, time
perception is highly subjective and may vary as a function of
psychological and physiological factors [1]. Interesting tasks are
judged as significantly shorter than boring tasks [2], and
individuals experiencing low levels of boredom have been shown
to underestimate time to a greater extent than highly boredom
prone individuals [3]. Recent findings show that time perception is
also influenced by action preparation: time is perceived as slowed
down during preparation of a ballistic reaching movement,
thereby facilitating last-minute adjustments in action execution
[4].
How is time perception implemented given that there is no
dedicated sense organ? The accumulator-pacemaker model
assumes an internal clock in which the number of pulses regularly
emitted by a pacemaker is temporarily stored in an accumulator
and – at the time of feedback - transferred into reference memory
[5,6]. Proposing distinct clock, memory and decisional stages, this
model allows individual differences in time perception to be
attributed to alterations in attention, pacemaker speed, memory or
decisional stages [7–10].
There is compelling evidence for a critical role of the striatal
dopaminergic system and striato-prefrontal projections for interval
timing (for a review see [11]). Temporal processing can be
impaired by targeting dopamine (DA) D2 receptors, with DA
antagonists decelerating the speed of the internal clock [12–14].
Neuroimaging studies consistently show involvement of basal
ganglia (BG), prefrontal cortex (PFC) and posterior parietal cortex
(PPC) in interval timing [15,16]. In line with this, a number of
psychiatric or neurological disorders involving fronto-striatal
circuits have been shown to be associated with deficits in time
perception and temporal processing. Patients with lesions of the
frontal cortex exhibit impaired motor-timing performance [17].
Patients with Parkinson’s disease (PD) are impaired both at motor
timing and time perception [18], while lesions to the BG appear to
only disrupt motor-related timing processes [19].
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It has been argued that impairments of time processing also play
a key role in schizophrenia [20]. Severe disturbances in the
subjective experience of time are a well-known phenomenon in
some cases of schizophrenia [21–23]. It has even been argued that
malfunctions of the patients’ internal clock may be associated with
highly confusing symptoms like delusions or hallucinations [24].
Previous studies have reported timing deficits suggestive of an
acceleration of the ‘‘internal clock’’ in schizophrenia [25]: patients
overestimate interval duration when verbally reporting it [26] or
during repetitive tapping [27], and underestimate interval
duration during time production tasks [26,28]. Alternative theories
attribute timing disturbances in schizophrenia to cognitive
impairment [29] or deficient sensorimotor integration [30].
Generally, patients are more variable in timing intervals than
controls [27,31–34], although medication, attention and memory
may be confounding factors [29].
It is conceivable that the variability of findings may also relate to
differences in symptom manifestation. If the level of striatal DA is
directly linked to the speed of the internal clock as suggested by
Davis [35], dopaminergic hyperactivity in limbic regions due to
increased DA type-2 receptors in the BG which is accompanied by
pronounced positive symptoms may result in faster clock speed
[25]. Decreased activity of DA type-1 receptors in the dorsolateral
PFC which is presumed to be associated with negative symptoms,
on the other hand [35], may not affect the internal clock.
Alternatively, if time processing impairments in schizophrenia are
driven by cognitive deficits, patients with pronounced negative
symptoms in whom cognitive dysfunction is reported to be more
pronounced [36,37] may be more severely affected.
The present study aimed to assess the relationship between
altered time processing in schizophrenia and positive and negative
symptoms in 22 patients with schizophrenia and 22 controls by
means of a computerized time estimation paradigm requiring
subjects to estimate the time needed for a moving visual stimulus
to reach a target position. In order to control for potential
executive impairment in patients, processing speed and cognitive
flexibility were assessed with the Trail Making Test (TMT) [38]
and the Wisconsin Card Sorting Test (WCST) [39]. It was
hypothesized that patients – compared to controls – would be less
accurate at estimating the movement time. In line with the notion
of an accelerated internal clock, patients were expected to
underestimate movement time, this pattern being particularly
pronounced in patients with severe positive symptoms. If altered
time processing in schizophrenia is better explained in terms of
cognitive deficits, patients – and particularly those with severe
negative symptoms - should be specifically impaired on more
cognitively demanding trials, while generally, task performance
should correlate with measures of processing speed and cognitive
flexibility.
Methods
Participants
Twenty-two adult individuals (15 male, 7 female; mean
age = 35.6868.73 years) meeting the Diagnostic and Statistical
Manual IV (DSM-IV) [40] criteria for schizophrenia and 22 non-
psychiatric control participants (15 male, 7 female; mean
age = 32.6867.61 years) were recruited for participation. The
present study was part of a larger investigation on cognitive control
processes in patients with depression, schizophrenia and obsessive-
compulsive disorder and healthy controls. All patients were
outpatients of the Clinic for Psychiatry and Psychotherapy in
Jena, Germany, and were assessed using the Structured Clinical
Interview for the DSM-IV for Axis I disorders (SCID-I) [41].
Inclusion criteria for patients were fulfillment of the criteria for the
diagnosis of schizophrenia according to the DSM-IV, and age
between 18 and 60 years. Exclusion criteria for all participants
comprised self-reported neurological diseases, left-handedness, and
a history of substance abuse, head injury resulting in episodes of
unconsciousness or head surgery. For patients only, psychiatric
disorders other than schizophrenia led to exclusion from the study,
as did a personal or family history of schizophrenia in the control
group. Furthermore, all control participants were screened with a
German version of the Mini International Interview (M.I.N.I.)
[42] in order to exclude the presence of any psychiatric Axis I
disorder. All participants had normal or corrected-to-normal
vision and hearing acuity.
Current symptom levels in patients were assessed by an
experienced clinician using the Positive and Negative Syndrome
Scale (PANSS) [43] which contains 30 items requiring current
symptoms to be scored between 1 (absent) and 7 (extreme).
According to convention, symptom ratings were categorized as
reflecting positive symptoms, negative symptoms or general
psychopathology. Furthermore, the sum of the three symptom
scores was calculated. PANSS ratings were available for all but one
patient.
Controls participants were matched to the patients according to
gender, age, and IQ. Intellectual performance was assessed using
the Mehrfachwahl-Wortschatz-Intelligenztest-B (MWT-B) [44], a
German verbal intelligence test requiring subjects to distinguish a
real word from 4 non-words in 37 items of increasing difficulty.
The number of correctly identified words was recorded. MWT-B
data was available for all patients and all but one control
participant.
Cognitive Tests
Processing speed and cognitive flexibility were assessed by
means of the TMT [38] and WCST [39]. The TMT requires
subjects to connect 25 consecutive target circles as fast as possible
without lifting the pen off the paper. In Part A (TMT-A), circles
are merely numbered (1–25). In Part B (TMT-B) circles are either
numbered (1–13) or labeled with letters (A–J), and subjects are
required to connect numbers and letters alternatingly (i.e. 1-A-2-B-
3-C, etc.). The time needed to complete each part is recorded.
Errors are assumed to be reflected in the time needed to complete
the test and thus not recorded separately. While Part A provides a
measure of attention, visual scanning and processing speed, Part B
possesses greater executive demand. Since overall, performance
depends on general psychomotor and processing speed, the
difference in completion times between Part A and Part B
(TMT-B – TMT-A) is thought to reflect a measure of cognitive
flexibility.
The WSCT is an established tool to measure set abstraction, set
shifting and cognitive flexibility. The test consists of cards
displaying different forms in different colours and numbers. Four
stimulus cards are presented, and the subject is instructed to sort
the response cards under the matching stimulus cards. After each
sort, feedback is provided, allowing the subject to learn the current
sorting rule. After ten consecutive correct sorts, the sorting rule is
changed without warning. In the present study, the test was
continued until either 128 trials or 9 categories had been
completed. The number of completed categories and the number
of perserverative errors were recorded.
Experimental Task
The anticipation of movement task (AMT) (Nitsch JR, Heinen
T, Berger H. Anticipation of Movement Time, Version 1.1.
Unpublished computer-assisted test of subjective time representa-
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tion. Institute of Psychology, German Sport University, Cologne)
is a novel task designed to assess visual predictive timing at varying
levels of task difficulty. A schematic illustration of the task is
provided in Figure 1. A white square moved horizontally from a
starting rectangle leftward across a computer screen towards a
target rectangle on the right but vanished before reaching it. The
vanishing point was marked by a white vertical line on half of the
trials. Subjects were required to estimate time of arrival by button
press. Two different movement speeds were applied, i.e. comple-
tion of the movement takes 3000s or 18000s, and two different
positions of the vanishing point, i.e. at 1/3 or 2/3 of the total
distance to the target, were balanced across all trials. Absence of
the vanishing mark was assumed to increase task difficulty, as
disappearance of the white square was not predictable on these
trials. Similarly, slow movement speed and longer distances were
expected to reflect higher cognitive demand, as mental represen-
tations of the movement had to be maintained for longer on these
trials. The difference between objective time of arrival (movement
time) and estimated time of arrival (reaction time) was recorded on
each trial. Larger difference scores reflect less accurate estimations.
Positive scores indicate that reaction times were too slow, i.e.
movement time was overestimated, negative scores indicate that
button presses occurred too early, i.e. movement time was
underestimated. No performance feedback on estimation accuracy
was provided.
The task comprises a total of 48 trials plus four practice trials at
the beginning. A break is introduced after 24 trials. Trial types as
determined by presence/absence of the vanishing mark and the
two different speeds of movement are balanced throughout the
task, and trial order is pseudo-randomized so that each trial type
occurs three times before and after the break, respectively. Task
completion takes about 20 minutes.
Procedure
Participants were informed that the study was part of a larger
study investigating cognitive control, and specifically the role of the
fronto-cingulate system for conflict processing and error monitor-
ing, in patients diagnosed with schizophrenia, depression and
obsessive-compulsive disorder. Subjects received monetary reim-
bursement for participation (8J per hour).
The study conforms to the Declaration of Helsinki and has
received ethical clearance by the Ethics Board of the Medical
Faculty at the University Clinic of Jena, Germany. After signing
the informed consent form, the experimental task was adminis-
tered first, followed by the neuropsychological background tests
(MWT-B, TMT, WCST). The entire test session took about 45
minutes.
Statistical Analysis
AMT data were analyzed by means of repeated-measures
analysis of variance (ANOVAs) with group (patients vs. controls) as
between-subjects factor and speed (slow vs. fast), distance (short vs.
long) and line (line vs. no line) as within-subjects factors.
Interactions were resolved by means of post-hoc t tests. Age,
MWT-B, TMT and WCST scores were compared between
groups using t Tests or Mann-Whitney U-Tests, if the require-
ments for parametric testing were violated. For patients, correla-
tions between cognitive measures and AMT scores and between
PANSS and AMT scores were determined by Kendall’s tau (t).
The significance level was set to p,.05 one-sided.
Results
Clinical and Cognitive Ratings
Table 1 provides an overview of clinical and cognitive ratings
for patients and controls. There were no significant group
differences with regard to age or IQ (both p..230).
Mean reaction times on TMT-A and TMT-B and mean TMT
difference scores for patients and controls are provided in Table 1.
Patients took significantly longer than controls to complete both
TMT-A (t(42) =23.833, p= .001) and TMT-B (U=101.50,
p= .001). Accordingly, cognitive flexibility as assessed by the
TMT difference score was significantly lower in patients compared
to controls (U=114.00, p= .003).
Figure 1. Schematic illustration of the anticipation of move-
ment task. A white square moves horizontally towards a target at slow
or fast speed but vanishes before reaching it. A white vertical line marks
the vanishing point on 50% of the trials. Subjects are required to
indicate anticipated time of arrival by button press.
doi:10.1371/journal.pone.0067615.g001
Table 1. Overview of mean clinical and cognitive scores for
patients and controls.
Controls Patients
PANSS
Positive symptoms 17.29 (8.45)
Negative symptoms 18.24 (6.91)
General psychopathology 38.38 (13.77)
Total 73.90 (25.21)
MWT-B
correctly identified words 30.10 (2.57) 29.73 (4.94)
IQ 110.29 (10.24) 112.64 (16.88)
TMT
A (seconds) 28.32 (7.01) 39.36 (11.55)**
B (seconds) 62.27 (28.96) 96.36 (47.77)**
Difference 33.95 (27.41) 57.00 (39.92)**
WCST
Categories 8.27 (1.58) 7.00 (3.18)
Perserverations 22.5 (12.68) 22.73 (14.28)
Standard deviations in parentheses.
**p,.01.
doi:10.1371/journal.pone.0067615.t001
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There were no significant group differences with regard to the
number of categories and the number of perserverative errors on
the WCST (both p..189).
Anticipation of Movement Time
Since the present study is focused on investigating differences in
time perception in patients with schizophrenia as compared to
non-psychiatric subjects, only the main effects and all interactions
involving the factor group are reported.
Mean differences between objective and estimated time
according to trial type for patients and controls are provided in
Figure 2. The ANOVA yielded significant main effects of speed
(F[1,42] = 73.525, p,.0001) and distance (F[1,42] = 40.296, p,.0001),
indicating that across all participants movement time was
significantly more strongly underestimated for slow movement
speeds and for long distances. The main effect of line failed to reach
statistical significance (p= .493), as did the group x line interaction
(p= .299). The speed x distance x group (F[1,42] = 8.477, p= .006) and
distance x group (F[1,42] = 4.810, p= .034) interactions were also
significant. Post-hoc t tests for the three-way interaction comparing
AMT scores according to speed and distance conditions (pooled
across line conditions) between patients and controls showed that
for patients, differences between objective and estimated move-
ment time were significantly more negative only for trials with slow
target speed and long distance (t(42) = 1.841, p= .035), indicating
that patients significantly underestimated movement time on these
trials. After correction for multiple testing (Bonferroni corrected
significance level p,.0125), this effect remains a trend only. There
were no group differences for the trial types slow-short, fast-long
and fast-short (all p..186). The main effect group as well as all
other interactions failed to reach statistical significance (all
p,.093).
Correlational Analyses
AMT scores and cognitive measures. In order to elucidate
a potential relationship between AMT performance and executive
function, correlations between AMT and TMT as well as between
AMT and WCST measures were calculated separately for patients
and controls. Note that since the original analysis had revealed
that presence or absence of a line at the target vanishing point did
not influence performance, reaction times were pooled across line
and no-line trials, rendering the trial types slow-long, slow-short,
fast-long, and fast-short. There were no significant correlations
between any of the TMT and AMT measures in either group (all
p..155). For patients only, a near-significant positive correlation
between reaction times on AMT trials with slow speed and short
distance and the number of completed categories on the WCST
emerged (t= .273, p= .054). None of the other correlations
reached statistical significance (all p..060).
AMT scores and PANSS scores. In order to explore
potential relationships between AMT performance and PANSS
symptom ratings, correlations between AMT measures (again
pooled across line condition as described above) and PANSS
subscales were calculated for patients only. There was a significant
negative correlation between reaction time on slow-long trials and
positive symptom ratings (t=2.367, p= .012) and a near-
significant negative correlation between reaction time on slow-
short trials and positive symptom ratings (t=2.259, p= .053),
indicating that higher positive symptom scores were associated
with more negative differences between objective and estimated
movement time, i.e. greater underestimation of movement time.
All other correlations failed to reach significance (all p= .102).
Discussion
The present study investigated the relationship between altered
time perception on the AMT in schizophrenia and symptom
manifestation in 22 patients and 22 controls. In accordance with
the initial hypothesis, patients were impaired at estimating the time
needed for a visual stimulus to complete a horizontal movement.
More specifically, patients systematically underestimated the
movement time on trials with high cognitive demand, i.e. on
trials with slow movement speed and long distance. Crucially,
impaired timing performance in patients was linked to symptom
manifestation but not to cognitive impairment. PANSS positive
symptom ratings were negatively correlated with AMT perfor-
mance on the critical trial types, indicating that higher positive
symptom scores were associated with greater underestimation of
movement time on these trials.
At first glance, the observed underestimation of movement time
is largely in line with previous findings suggesting an accelerated
internal clock in schizophrenia that is presumed to be due to
dopaminergic dysregulation [26,28,29]. This notion is supported
by findings of impaired temporal processing in Parkinson’s disease,
a disorder characterized by atrophy of the substantia nigra and
resulting depletion of DA neurons. Patients with Parkinson’s
disease have been reported to show a slowing of temporal
processing that is at least partly eliminated by appropriate
levodopa medication (for a review, see [45]).
More recently, the notion of a genuine time perception disorder
in schizophrenia as reflected in increased speed of the internal
clock has been challenged. Roy et al. [33] applied an innovative
task requiring subjects to detect gradual changes in auditory tempo
to estimate the natural frequency of the internal clock in patients
with schizophrenia and healthy controls. While patients did
exhibit increased variability on a control task involving reproduc-
tion of time intervals, there was no evidence for a faster natural
frequency of the internal clock in patients compared to controls.
Similarly, the present findings argue against a general timing
deficit, performance being impaired only on cognitively demand-
ing trials, i.e. on trials with long distances and slow movement
speed. Contrary to the expectations, manipulation of cognitive
load by means of the vanishing mark did not work as a
corresponding increase in task difficulty when no mark was
present did not differentially affect patients and controls.
The present pattern of results is in largely in line with the notion
that temporal disturbances in schizophrenia may arise from
disease-related cognitive dysfunction [33]. Indeed, temporal
sensitivity for short (,1000 ms) or long (.1000 ms) intervals has
been shown to correlate with measures of sustained attention or
long-term memory, respectively, supporting the notion that time
perception impairment in schizophrenia is influenced by neuro-
psychological dysfunction [32]. In the present sample, perfor-
mance on the TMT suggested generally reduced processing speed
and cognitive flexibility in patients. However, there was no clear
link between impaired time estimation and executive dysfunction,
suggesting that impaired temporal processing in schizophrenia
cannot solely be ascribed to cognitive deficits, albeit doubtlessly
being influenced by it. Rather, the pattern of results in the present
study indicates that AMT performance was also modulated by
symptom manifestation. PANSS positive symptom ratings were
negatively correlated with AMT performance, i.e. higher scores on
the positive symptom scale were associated with greater underes-
timation of movement time. Importantly, attentional and execu-
tive impairment has been reported to be particularly associated
with negative symptoms [37]. In the present sample, PANSS
negative symptom as well as general psychopathology ratings did
Time Representation in Schizophrenia
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not correlate significantly with AMT performance, further arguing
against an interpretation of the present findings in terms of mere
cognitive rather than timing disturbances in schizophrenia.
In line with the present findings of more pronounced
impairment of temporal processing in patients with severe positive
symptoms, a recent study has reported altered time interval
reproduction in neurologically healthy individuals with high
proneness to hallucinations [46]. High hallucination prone
individuals estimated the duration of presentation of emotional –
and particularly angry - faces as longer than low hallucination
prone individuals. The authors suggest that the subjective
experience of feeling exposed to threat for longer, which is in
accordance with the notion of an accelerated internal clock, may
be linked to the state of hypervigilance generally associated with
positive symptoms of schizophrenia. Moreover, it has been
proposed that impaired temporal processing may also contribute
to other positive symptoms such as delusions and disorganized
behavior [47–49]. Distortions in temporal structuring as reflected
e.g. in perturbed asynchrony detection with enlarged time
windows in which events are perceived as bound together [50]
may also underlie an impaired sense of agency. Indeed, patients
with schizophrenia fail to differentiate between the perception of
self-produced and externally produced sensory signals, hence
reporting self-produced tactile stimulation as tickly, whereas in
healthy individuals, self-induced stimulation is perceptually
attenuated [51,52]. Furthermore, patients with schizophrenia
show increased overall binding of actions and consequences
[53], as do putatively prodromal individuals [54]. Accordingly,
administration of ketamine, an established drug model for
psychosis, was shown to increase action binding [55].
Interestingly, schizophrenia has recently also been associated
with deficits in predictive timing [56]. Patients showed increased
thresholds for the detection of phase shifts in rhythmic sound
sequences. Notably, this deficit could not be attributed to changes
in the internal clock, as time interval production was found to be
preserved in patients. These findings are in line with the present
results, since prediction constitutes a key component also on the
AMT which requires subjects to anticipate when the stimulus
reaches the target position. Systematic underestimation of
movement time on the AMT thus corroborates impaired
predictive timing in schizophrenia [57]. However, the present
result pattern cannot unequivocally be ascribed to an accelerated
internal clock, but merely adds to a growing body of evidence for a
deficit in anticipatory and predictive mechanisms in schizophrenia
[52,56–58]. Interestingly, rather than suggesting that this deficit is
general in nature, the present data indicate that it is critically
modulated by cognitive demand.
It has to be noted that apart from the general cognitive status of
the patients, medication may be a major factor influencing time
processing in schizophrenia. A wide range of studies provide
Figure 2. Mean AMT performance in patients and controls. Mean differences between objective and estimated movement time according to
target speed (slow/fast), distance (short/long) and line (line/no line) for patients and controls. Positive scores indicate that movement time was
overestimated; negative scores indicate that movement time was underestimated. Error bars represent the standard error of the mean.
doi:10.1371/journal.pone.0067615.g002
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ample evidence for dopaminergic control of both speed of the
internal clock and of the distribution of resources between time
processing and other cognitive functions (for a review see [11]).
Generally, dopamine agonists have been shown to increase clock
speed, while antagonists decrease it [14]. Appropriate responses to
antipsychotic medication in patients with schizophrenia have been
reported to be associated with better time perception [59,60].
Unfortunately, the impact of medication status was not system-
atically assessed in the present study. Future studies will have to
investigate to what extent temporal processing in schizophrenia is
modulated by antipsychotic medication.
Even though medication status and attention were not
systematically assessed in the present study, the findings were
obtained in a comparably large and carefully selected patient
sample. The present study is among the first to investigate the
impact of symptom manifestation on schizophrenia-related
impairment patterns. Intriguingly, the findings of impaired
predictive timing in schizophrenia may also yield important
clinical implications: Prediction is a key factor underlying many
activities and cognitive functions. As the AMT is a typical
laboratory paradigm that cannot easily be compared to more
complex real life settings, future studies should assess to what
extent deficits in anticipatory and predictive mechanisms in
schizophrenia may generalize to more ecologically valid settings,
e.g. traffic or sports.
Conclusion
Taken together, the present study provides further evidence for
impaired temporal processing, and more specifically predictive
timing, in schizophrenia. Patients underestimated the time a visual
stimulus needed to complete a horizontal movement towards a
target position. Crucially, in line with the role of dopamine both in
schizophrenia and temporal processing, task performance was
modulated by symptom manifestation. Impaired estimation of
movement time was significantly correlated with PANSS positive
symptom scores, higher scores being associated with stronger
underestimation of movement time. Importantly, even though
there was no clear link to disease-related cognitive dysfunction,
patients were impaired only on cognitively more demanding trials.
The present data thus support the notion of a deficit in
anticipatory and predictive mechanisms in schizophrenia that is
modulated both by symptom manifestation and by cognitive
demand of the task at hand.
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